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Abstract 
Rapid growth and land use development along the Australian coastline have put an 
increased pressure on important groundwater resources and its dependent environmental 
assets. Shallow groundwater systems often occur in the coastal zone and the increased 
competition for groundwater has forced water managers to improve their understanding of 
the hydrological cycle and its elements to have a sound basis for decision making.  
Water use from woody vegetation is an important player in the hydrological cycle and 
changes in land use can have a significant impact on the hydrology. Vegetation water use is 
currently poorly understood as a result of lack of monitoring and consequently no solid 
foundation for sound management practice and the use of properly constrained models as 
decision making tools. The lack of monitoring has been related to expense, the requirement 
of specialist skills for application and interpretation of measurements, instrument and data 
processing complexity, as well as the difficulty in obtaining representative values of 
vegetation water use at all scales required. This thesis has investigated the potential for use 
of simple and inexpensive vegetation water use estimation methods to support sound 
management of the groundwater resource in coastal areas.      
A subtropical conifer plantation forest in South-East Queensland, Australia was selected as 
a test case because of its widespread distribution throughout the coastal areas of South-
East Queensland. Through extensive field monitoring and laboratory experiments the 
application of the sap flow technique and diurnal water table fluctuation approach (i.e. 
suitable for areas where vegetation has access to groundwater) were investigated, as 
potential tools for water managers. An approach using electrical resistivity tomography to 
quantify the distribution of sapwood relevant to the sap flow technique was also investigated. 
This was followed by an analysis of the application of vegetation water use models focusing 
on how to represent water availability in such a shallow groundwater environment.    
Use of the sap flow technique in conifers is a complex process that requires detailed 
investigation of the hydraulic architecture prior to long term monitoring. The growth 
characteristics of conifers create annual rings with varying conductivity resulting in 
heterogeneous sapwood. Detailed measurements of the radial sap flux density pattern are 
required to confidently estimate water use in these trees. Using a distribution function to 
represent the radial pattern in sap flux was not possible in the particular conifer species 
investigated.  
A benchmark approach was applied as an alternative and it was found that a common 
measurement strategy of two sets of two probes with 10 mm spacing, located at the North 
and South cardinal direction, can be used for long term monitoring of water use. Use of 
electrical resistivity tomography showed great promise as a tool to estimate the distribution 
of sapwood area. A correlation was found between resistivity pattern and sapwood moisture 
content, but there are still a few challenges in the application of the method.  
Quantifying water use using a diurnal water table approach is dependent on correct 
estimation of specific yield for the individual environment. A laboratory experiment found that 
use of literature values to represent soil water retention properties when modelling specific 
yield can result in misleading estimates, highlighting the need for in-situ measurements of 
specific yield or soil water retention properties. When comparing methods, similar results for 
specific yield were found for drainage and soil moisture budget approaches suggesting that 
the soil moisture budget approach is a suitable tool to quantify specific yield in-situ. 
Application of a diurnal water table method was found to be possible for about 36% of the 
year. Regular recharge events in the wet season limits more extensive application. Nighttime 
vegetation water use resulted in an average error of 20 % in daily estimates emphasising the 
need to investigate nighttime water use prior to application of the water table method. 
Modelling of vegetation water use showed that representation of soil water availability is 
important even in shallow groundwater environments. This was highlighted during a dry 
season where the assumption of unlimited water availability led to overestimation of actual 
water use by the conifers. The vertical representation of soil water availability also affected 
the predictability of water use dynamics, although the predicted quantity of water use was 
similar.      
Overall there is a place for simple techniques to understand vegetation water use in the 
context of water management. The sap flow and diurnal water table method hold great value 
at smaller scale (i.e. m2) in the fact that they can function as inexpensive methods informing 
management of water use and its dynamics at critical points. 
 
